Abstract. 1. The Heteroptera, principally mirids, collected in a light-trap run on a field margin at Rothamsted Experimental Station for various periods between 1933 and 2000, have been identified, and the catches analysed to show the extent of change and stability in the community. 2. Trap catch, both in terms of individuals and species, was correlated with maximum daily temperature. 3. a-diversity showed a U-shaped curve over the period. The dip may have been associated with pesticide use, although a lack of days with high maximum temperatures cannot be ruled out. 4. By the late 1990s, a-diversity had again reached a peak (Fisher's = 11), comparable to that in the 1930s. 5. However, the change in the composition of the community over the whole period (8-diversity) was significant, the index of differ ence being 0.66 on a scale where 0 is no change in composition or relative abundance and 1 no species in common. 6. The value of 8-diversity was highest in the water bugs, which disappeared altogether. Categorising the others by host plant type, the greatest change over time was in those associated with perennial herbs. There were decreasing differences in tree-dwellers and grassland species respectively, and the least change was in the community associated with annual plants (arable weeds). 7. Changes in the abundance of Heteroptera since 1933 follow closely those of the macrolepidoptera from the same samples. How ever changes in diversity show very different patterns, with moth diversity continuing to decline since 1960 in contrast to the increases apparent from the Heteroptera data.
INTRODUCTION
There is a widespread interest in the extent of change in the composition and abundance of flora and fauna over the last century, particularly in the UK (Hawksworth, 2001) . Of the numerous factors both natural and anthro pogenic that could lead to changes in the community, the three considered in this study to have the most potential to have an appreciable influence are land management, the widespread use of pesticides, and climatic variation. Several studies have shown changes of distribution and abundance in what may be termed rare or local species, but insects have seldom been sampled consistently over a long period, even at a single site, to provide a quantitative picture of long-term changes for a major taxon. The most extensive data of this type have been collected in a sister study of macrolepidoptera taken in the same light-trap at the side of an arable field at Rothamsted, over the same time period Taylor, 1986; Woiwod & Thomas, 1993; Woiwod & Harrington, 1994; Riley 1999) . This paper analyses the Heteroptera records, an ecol ogically important and diverse group of insects where the adults live mostly on the same host plants as the larvae and where flight may not be a regular feature of adult life. Changes in diversity and abundance of the Heteroptera are then compared and contrasted with the changes of the moth populations at the same site.
MATERIAL AND METHODS
The catches were made in a standard Rothamsted Light Trap (Williams, 1939) placed at the margin of an arable field, Barnfield, at Rothamsted Experimental Station, about 35 km north west of London (Southwood, 1960; Riley, 1999) . The trap was run from 1933-1936 and the Heteroptera for that period were identified by Thomas (1938 Thomas ( ), and again from 1946 Thomas ( -1949 Thomas ( and in 1956 , the Heteroptera being recorded by Southwood (1960) . In 1956 the trap had a 125 Watt MV bulb and was a short distance from the previous site; the analyses of Taylor & French (1974) and Intachat & Woiwod (1999) indicate that these changes would not have been expected to affect greatly the diversity of the catch. The trap was operated again in its original position from 1960, when it became Rothamsted Insect Survey's first light-trap site, using the original 200 Watt tungsten bulb, but the full catches have only been retained routinely since 1976. Dr. B. S. Nau identified material from 1960, which was kept, and has kindly given us these data and those for 1980 and 1985. The material from 17 other annual catches between 1976 and 2000 has been identified by one of us (TRES), but Heteroptera were extracted only from catches between June and September inclu sive. These would have comprised the great majority of the year's catch (during 1946-49 only 0.7% of the total catch was trapped in the months excluded in the recent work). Identifica tions conformed to the taxonomy applicable in the 1930s. This was so that the results could be compared directly with those of Fig. 2 . The relationship between maximum daily temperature and flight for Heteroptera from Rothamsted light-trap data. For each 1°C temperature class the proportion of days on which at least one specimen of Heteropera was caught was plotted against the maximum daily temperature. The calculations were made for all available years from 1933 to 2000 for the months of June to September. No clear temperature threshold was observed and a 3rd order polynomial curve was fitted to the data by regression. Thomas (1938) . A total of 10,672 individual insects, repre senting 118 species, form this data set. The full information for the post-war years is held by the Rothamsted Insect Survey; the more abundant species are listed in Appendix 1.
The species accumulation curve for the whole period ( Fig. 1 ) shows that the species pool has been virtually exhausted (Southwood 1996) and therefore the catches are a valid representation of the community. The slow, almost linear increase in species number after about 15 years of sampling is a typical feature of long-term community data and reflects the gradual capture of wanderers from different habitats and rare migrants.
THE EFFECT OF TEMPERATURE ON FLIGHT
Heteroptera frequently undertake most of their trivial movements by walking. Whether this is replaced by flight, with the potential for migration, seems to be very dependent on temperature, records of which are readily available online from the Rothamsted site for all years but 1948 (The British Atmospheric Data Centre at http://www.badc.rl.ac.uk). If days are grouped by their maximum daily temperature, the proportion in which flight occurred (at least one specimen was caught) gives a significant fit to a logistic regression (Fig. 2) and there is no step change that would indicate a threshold common for the whole group (Taylor, 1963) . When a similar analysis is undertaken for the most abundant species, Lygus rugulipennis Poppius, again there is no step change, so it seems that in practice this may not be a useful concept for trap catches of mirids. There is, how ever, a highly significant correlation between the annual species richness of the catch and summer temperature as measured by the number of days above 25°C (r2 = 0.45, P < 0.00001) (Fig. 3) so that changes over time in species richness in trap catches could be due to changes in weather rather than community make-up. Although some of this relationship might be due to an increase in num bers of individuals, and hence species, at higher tempera tures there is still a significant relationship (r2 = 0.15, P < 0.05) when this is allowed for by using log-series a as a diversity measure which takes out any sample size effect.
SPECIES DIVERSITY 1933-2000
For direct comparison between years the effect of sample size (number of individuals) has to be removed. For this purpose we used a from the log-series distribu tion (Williams, 1947) . This diversity parameter has been widely used for light-trap samples and shown to be supe rior to other commonly used statistics in robustness, inde pendence of sample size and discriminant ability ( Taylor et al., 1976; Kempton, 1979) . The use of this measure is further justified as the log abundance/rank plot approximates to a straight line (Fig. 4) . There are a numbers of species that are more abundant than would be expected, as was found by Hodkinson & Casson (2000) with Hemiptera collected in various ways in Sulawesi, Indonesia. As expected, the widely used Shannon Index did not discriminate for the higher diversities (May, 1975) .
When the values of a for the catch in the various years are plotted a U-shaped pattern is produced (Fig. 5) . By the 1990s, diversity (as expressed by a) was again as high as it was in the 1930s. The low point was in the period 1956-19701. Little reliance could be placed on these two points if it were not that the far more extensive data for macrolepidoptera showed the same trend with a large decrease in diversity between 1949 and 1960 Taylor, 1986) . However apart from that the annual pattern of diversity is quite different between moths and Heteroptera.
It is interesting to note that the use of pesticides (insec ticides and herbicides) at Rothamsted, was greatest between 1952 and 1974, and since 1985 none have been used on Barnfield. However, 1956 and 1960 had very few days with temperatures above 25°C (Fig. 3) , so weather alone could account for the low species richness and, at these relatively small numbers, the index of diversity has wide confidence bounds.
-DIVERSITY WITH TIME IN THE DIFFERENT HABITATŜ
-diversity measures species turnover. In order to take account of changes of abundance as well as differences in species composition we used an index of difference (Bloom, 1981) : where ID is the index of difference between periods 1 and 2, yy is the number of species j in sample 1 and s is the number of species present in both samples.
Only 11 specimens were found in the 1970 samples; in case this is an error the data were not used in any of the analyses . The index was used to compare community composi tion for four years of catches, with the period 1933-1936 being taken as the benchmark.
The change in community composition (the /¿-diversity) over the six-plus decades from the benchmark to the final four years (1997) (1998) (1999) (2000) is 0.66. It is interesting to con trast this difference with the value of a (Fig. 5) , which shows that a-diversity in the two periods is approxi mately equivalent. Thus we conclude that although the a-diversity is similar in magnitude between the bench mark and final period the actual make-up of the heteropteran fauna differs substantially.
The /¿-diversity for the comparison of a number of periods (each having four years of catch) with the 1930's benchmark can be calculated separately for five groups with different habitats: water, herbage (host plants being perennial herbs), trees, grasses and annuals (arable weeds) (Table 1) . These generally show decreas ing /¿-diversity in that order.
Catches of water bugs fell sharply in the 1940s and none were taken subsequently. This is a reflection of the loss of small ponds that has been widespread in Southern Britain (over the past century there has been a 75% decrease in the number of ponds in Britain, Environment Agency, http://www.environment-agency.ov.uk/yourenv/ eff/water/213866/wetlands), and Southwood (1960) records the disappearance between 1936 and 1946 of one near the trap. The composition of the community on herbage altered little from the 1930s to 1940s, but there after showed high values of /¿-diversity (i.e. changes in faunal make-up). This is likely to have reflected the impact of herbicide use from 1950-70 and the growth into trees of the shrub components in the Barnfield field margins, thus leading to an increase in shading. The lowest value in /¿-diversity (the least change) is found in the community associated with annuals, essentially weeds of arable crops, in particular Chenopodium album L. By and large the changes in ^-diversity reflect changes in relative abundance, rather than turnover of species. The changes in relative abundance could be very striking: for example, 256 Orthops kalmii L. were caught in four years in the 1940s, and only 1 in eighteen years between 1976 and 2000. With regard to rarities, Deraeocoris scutellaris Fab. found in the 1940s (Southwood, 1950 (Southwood, , 1960 has not been caught since, but one specimen of Deraeocoris olivaceus Fab. was trapped in 1995. This species was first recorded in Britain in 1951 and lives on hawthorn (Crataegus monogyna Jacq.).
COMPARISON WITH LEPIDOPTERA
When log(annual totals) of Heteroptera in the Barnfield trap are compared directly to the macrolepidoptera log(annual totals) for the same years there is a highly sig nificant correlation (r = 0.61, P = 0.00053) with a regres sion slope not significantly different from unity (Fig. 6 ). This suggests that environmental changes have affected the abundances of the two insect groups in a very similar way. Overall from 1933 to 2000 there was a significant decline in numbers of both groups but regressions of log abundance against year for the year classes 1933-1949 and 1960-2000 separately showed no significant trends. This confirms previously published results from the macrolepidoptera that emphasised the big decline in overall abundance that took place in the 1950's, probably in response to the rapid agricultural intensification and the introduction of pesticides that took place at that time (Taylor, 1986) .
In contrast to the picture of overall abundance, there is much less similarity in the changes in diversity between the two insect groups over time. The correlation between log-series a for all the years in common is not significant and whereas there is evidence of an increase in Heteroptera diversity between 1960 and 2000, moth diversity continues to decline.
The reason for the very similar changes in abundance between the Heteroptera and the macrolepidoptera since 1933 but the different responses in diversity is very inter esting but not very easy to explain. It may be related to the reduced mobility of Heteroptera at low temperatures compared to Lepidoptera, allied to changes in the local environment in the immediate vicinity of the trap or there may be a larger scale change in overall diversity that is taking place. It is interesting to note that a recent review of the status of Heteroptera in the UK concluded that all changes in distribution since 1973 had mainly been increases (Kirby & Stewart, 2001 ) whereas this certainly is not so for macrolepidoptera where there are many spe cies declining and causing concern from a conservation perspective (Fox, 2001) . Climate and land use change are probably the main agents for these larger scale changes in distribution and abundance of the two insects groups but local effects are also likely to play an important part.
